Abstract -One-dimensional fiber-bundle arrays may prove useful in a number of radiation sensing applications where radiation detection over large areas is needed. Tests have been performed to evaluate the light generation and transmission characteristics of IS-meter long, 10-fiber bundles of BCF-I0, BCF-12, and BCF-20 scintillating fibers (Saint Gobain) exposed to collimated gamma-ray sources.
studies performed to assess the performance of three different candidate SFB materials.
II. BACKGROUND INFORMATION
Early work using SFB assemblies for radiation detection and measurement primarily dealt with using thousands of short length (�IO-cm long) scintillating fibers, such as NE-103, bundled together to create a single sensor unit, usually in the form of a right cylinder using plastic fibers embedded in a plastic matrix. [1, 2] This form factor, originally developed for space research, was found useful as a tool for providing a directionally sensitive neutron probe and was later expanded and improved upon for terrestrial survey applications. Later, other researchers continued these efforts and subsequently developed several other scintillating fiber detectors for measuring neutrons in the same cylindrical form factor. [3] [4] [5] [6] [7] [8] Overtime detector developers eventually began to use boron or lithium-based fibers in some cases to increase the thermal neutron sensitivity of their instrwnents.
As the technology needed to manufacture longer length fiber optics was developed, interest in using longer length scintillating fibers as radiation instrumentation grew as well, along two different paths. In one case researchers chose to use newly available long-length fibers to create neutron and gamma-ray detectors using ribbons, or "sheets" of fibers, making flexible ribbon detectors or large-area detector panels. [ 9, 10] Table I . BCF-IO fibers were used to make one finished with a graded-approach, hand-sanding technique using 600-grit, SOO-grit, and IOOO-grit wet sand, and then a I200-grit diamond wheel. After this, the ends of the SFBs were hand polished using a felt polishing wheel with iron oxide slurry. Minimal improvement was observed. The specially-made end fittings of the SFBs were designed to allow them to be easily attached or detached from a pair of Hamamatsu R9S00 photomultiplier tubes (PMTs) built as Hamamatsu HIOSSO PMT assemblies with matching end fixtures.
Technical specifications for the R9S00 PMT, as provided by the vendor, are provided in Table II . A comparison of the emission spectra for the three types of fibers, and the R9S00 PMT quantum efficiency spectrum are shown together in Fig. 2 . 
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Wavelength, nm Fig. 2 The emission spectra for BCF-lO, BCF-12, and BCF-20, together with the energy-dependent quantum efficiency for the R9800 PMT. [24, 25] The PMTs are housed within light-tight aluminum cases; these cases have threaded plastic fixtures in front of their photocathodes to hold and stabilize the end of a SFB. To attach the end of a SFB to the PMT module a plastic compression fitting is placed over the end of the SFB, the SFB is inserted into a hole on the PMT housing to position the SFB in front of the PMT, and the compression fitting is screwed tight onto a threaded fitting on the PMT housing. Each PMT assembly includes a transparent optical silicone pad for index matching between the SFB and PMT. A photograph of the PMT assembly, showing attachment of an SFB, is presented in Measurements were performed by digitizing the output signals of the PMT's using two channels of an Acquiris DC282 high-speed digitizer (4Gs/s).
The DC282 was controlled by National Instruments LabView software. An application specific virtual instrument (VI) was developed using LabView that allowed the difference in arrival time of the signals between the two PMT's to be recorded, triggering off of either PMT.
Slight timing errors occurred due to latency between the hardware and software derived triggers for each PMT input to the digitizer but these were <I % of the measured signal time differences.
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Voltage, mV Fig. 4 Plot of the pulse-height histogram for waveforms from PMT2, when a coincident pulse is measured in the PMTI, for BCF-20 over a 1800 s period using a 60 Co source at 1, 3, 5, 7, 9, II, and 13 m. Scattering and reflection as the light transits down the length of the SFB also plays a role. [26] 
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C. Position Resolution
The spatial resolution for these measurements is evident as the full-width half-maximum of the time differences for the individual measurements seen in Fig. 5 . This information is presented in Table III Further work is needed to improve the data acquisition electronics used for this work, in particular to lower the signal noise and improve the signal-to-noise relationships and allow lowering of the lower level discrimination in the trigger logic.
E. Linearity Versus Rate
Further work is also justified for studying, with improved data acquisition, the limits for how long a SFB is practical for these measurements. Lastly, it should be noted that the efficiency of the SFB-type sensors used here can be easily improved by including more fibers in the SFB assemblies.
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